Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



so 



so 



XCbe TSinivctsiVs of Cbicaoo 

POUNOIO BY JOHN O. ROCKKriLLKR 

4» 



THE REFORESTATION OF SAND 
PLAINS IN VERMONT 



A DISSERTATION 

SUBMITTED TO THE FACULTY OF THE OGDEN GRADUATE SCHOOL OF 
SCIENCE IN CANDIDACY FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 

(DKPAKTMKNT OF BOTANY) 



BY 

CLIFTON DURANT HOWE 



CHICAGO 
1910 



THE REFORESTATION OF SAND PLAINS IN VERMONT 

A STUDY IN SUCCESSION 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY I35 

Clifton Durant Howe 
(with map AND FIFTEEN FIGURES) 

Geology 

The region of this study is known as the Burlington-Colchester- 
Essex sand plains, which are situated at the mouth of the Winooski 
River, that flows into Lake Champlain from the Vermont side. 
The history of the plains is intimately connected with that of Lake 
Champlain. Previous to the Glacial period the present valley of the 
lake was occupied by a river' flowing northward. With the melting 
of the ice sheet a large lake was formed in the former river valley. 
After the Glacial period the sea invaded the region from the north, 
constituting what the older geologists called the Champlain epoch. 
At this time extensive beds of clay were laid down. The marine 
nature of these clays is demonstrated by the frequent occurrence 
of salt-water shells and by a skeleton of a whale found imbedded 
in them in the township of Charlotte. The Champlain epoch closed 
with an elevation of land which raised the marine deposits to their 
present location, the highest elevation being about loo*" above the 
present lake. With the withdrawal of the sea the valley was again 
occupied by a body of fresh water, the present Lake Champlain. 

At some time during the glacial and post-glacial history of Lake 
Champlain outlined above, bodies of water occupied three well- 
marked levels. During each of these stages a delta was formed by the 
erosion deposits brought down by the Winooski River. From the 
townships in which they are located, these deltas are designated on the 
accompanying map, from oldest to youngest, as the Essex delta, the 
Colchester delta, and the Burlington delta. The broken lines on the 
east side of each delta represent the beach lines of the lake (or sea) 
during the successive elevations. The doubling of the broken lines 

I Baldwin, S. P., Am. Geol. 13:170-184. 
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denotes the presence of fossil beaches, usually accompanied by low 
sand dunes. The areas designated by circles were islands. Those 
in the Essex delta are schistose rock covered with unassorted glacial 
till and were not submerged. Those in the Colchester and Burlington 
deltas, however, were submerged during the Essex stage, being lime- 
stone outcrops with the exception of the group of small islands just 
northwest of Essex Junction, which are schistose rock. The island 
south of Essex Junction, across the river, is an isolated portion of the 
Essex delta. 

The unshaded areas on each side of the Winooski River indicate 
its erosion channel through the deltas. The deltas have also been 
much dissected by smaller streams, but their erosion channels have 
not been shown on the map. 

The elevation of thei Essex delta plain is 149", of the Colchester 
delta plain 98"*, and of the Burlington delta plain 68™ above the sea. 
Since the mean level of Lake Champlain is 30™, these deltas are 119, 
68, and 38"* respectively above the present lake level. 

The surface layer of soil on each of the three delta plains is sandy, 
varying from pure sand to sandy loam. The texture of the sand is 
fine and remarkably uniform throughout, and its depth ranges from 
a few centimeters to 7*". The subsoil of the whole area is clay. The 
Winooski River and its tributaries have exposed large areas of this 
clay, which, mixed with the sand, makes excellent farm lands. The 
discussion which follows, however, is confined to the vegetation of the 
sand plains of the three deltas, which occupy an area 36''™ long and on 
the average 14^^"* wide. 

Original forest conditions 

While the early historians mention the dominance of pine on the 
area under consideration, they indicate the dominant species only by 
inference. For example, Thompson^ says: "Along the western part 
of the state and bordering on Lake Champlain are extensive tracts of 
light sandy soil which were originally covered with white, pitch, and 
Norway pine." The testimony of the oldest inhabitants who took 
part in the clearing of the areas is that white pine was the dominant 

s Thompson, Zadock, History of Vermont, natural, civil, and statistical. Bur- 
lington. 1842. 
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tree. The prevalence of old white pine stumps beneath the present 
forests, as well as the numerous white pine stump fences throughout 
the sand plains townships, contribute corroborative evidence. The 
original forest evidently contained some large trees, judged from 
present standards. Thompson {I. c.) states that he had observed trees 
52"* high, and adds that originally trees 43 to 55"* high, having a 
diameter of 2"^, were not uncommon. Stimips in various stages of 
decay which were originally at least i . 5*" in diameter may be- seen 
frequently on the sand plains. 

In the clearings for settlement the commercial use of white pine 
was strictly local and very limited. Later came the period of utiliza- 
tion on a larger scale. As early as 1800' great rafts of pine logs 
taken from the sand plains were floated down to Quebec and thence 
exported. In 1842 the historian Thompson (/. c) asserted that the 
forests of white pine in the Champlain region had practically dis- 
appeared. In 1850 (Davis, /. c.) the importation of white pine from 
Canada began. 

The pitch pine (Pinus rigida) doubtless occupied small scattered 
areas on the most sterile soils. Black oak and white oak (Quercus 
velutina and Q. alba) are now common on the sand plains, and they 
probably formed a minor part of both the original white pine and pitch 
pine forests. Norway pine (Pinus resinosa) is now very local in its 
distribution on the sand plains, and it probably always was so. No 
record is to be found in regard to white birch {Betida populifolia); 
for reasons to be discussed later it is doubtless much more abundant 
now than originally. 

Succession 

The succession on the Burlington, Colchester, and Essex sand 
plains is of two classes in respect to its place of origin, namely, upon 
cut-over areas and upon abandoned cultivated fields. 

SUCCESSION ON CUT-OVER AREAS 

As stated above, historical evidence clearly indicates that white 
pine was orginally the controlling tree on the Burlington, Colchester, 
and Essex delta plains. Only isolated trees of the original stand now 

3 Davis, W. T., The New England states 3:1524-1526. 
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remain. The conditions following the first cutting favored the inva- 
sion of the pitch pine upon areas which it had not previously occupied. 
In the first place, having no value at that time, it was not cut, so that 
seed trees were plentiful, a thing that cannot be said of the white pine; 
in the second place, pitch pine produces seed more abundantly than 
the white pine; and finally, being more light-demanding and being 
able to endure more sterile soil conditions, it is better adapted for 
regeneration on areas cleared by lumbering. Whatever the causes 
may have been, pitch pine bftcame the controlling tree of the second 
generation, especially on the Colchester plain. A representative list 
chart in a stand 60 years old shows 2 . 5 pitch pine on 25**^"*. Beneath 
on one square meter are 18 Myrica asplenifolia, 5 Pteris aquilina, 
7 Kalmia angustifolia, 30 Vaccinium pennsylvanicum^ 11 Vaccinium 
vaciUanSy 4 Carex pennsylvanicay 4 DierviUa Loniceray 3 Solidago sp. 
(rosettes), 2 Rubus aUegheniensis, 

The soil on the Burlington and Essex plains being as a whole less 
sandy, there is a larger proportion of mixed stands. On the average, 
black oak and white oak form one-third of the pitch pine stands. 
White pine of the second generation is more common on these two 
plains. 

Three brickyards and a limekiln within the sand plains furnish a 
market for pitch pine as fuel, and the pitch pine forests have been cut 
for this purpose, so that by far the greater part of the area is now in 
its second cycle of reforestation. The stands are usually cut clean of 
both trees and saplings, the latter being taken down to 5^°* in diameter. 
Sometimes a few isolated pines are left for seed trees, but they almost 
invariably die of the exposure resulting from clean cutting. The 
removal of the trees stimulated the development of the undergrowth, 
so that in most cases Myrica and Pteris became the dominant plants, 
and beneath them is a carpet of blueberries (F. pennsylvanicum and 
F. vacillans). If fire runs through, as it usually does periodically, 
the association becomes so dense as to allow no reproduction of trees. 
Often as many as 60 Myrica plants may be found on a square meter. 
The fire also keeps down the coppice shoots from the oak stumps. 
Some areas cleared 25 years ago are still practically without tree 
reproduction. 

When the Myrica-Pteris association is 15 to 20 years old, and when 
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it has not been rejuvenated in the meantime by fire, it begins to die 
out, apparently from natural causes. The open places thus made 
give an opportunity for the reestablishment of pitch pine. The few 
lots on which this was noted show pitch pine seedlings at the rate of 



Fig. I. — Sample plot 15. Cleared 15 years ago, Colchester plain, 5 meters square; 
under layer controlled by Vactinium penn^ylvanicum and Kalmia angttstijoita; QA. 
Q.albai; K, Acer rubrum ^i \C, AtHttanchier conadensil 1; PA, Plerii aquilina $6; 
J^ LystTnachia quadrilatia 3S; Ci.Caullheria pracumbtns n; M.,MyTicaaspleniji)liai): 
LC, Lycopodium complanalum; P, PotylrichuiH; E, Bpigata ripens; ML, Melam- 
pyrum lintare a. 

one to 50"""; older stages were not found. It seems probable, how- 
ever, that eventually, if unmolested by man, such areas will regain 
their dominance of pitch pine. 

In cases where fire is kept out from the time of clearing, however, 
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reforestation takes place more rapidly. This is brought about first 
by the coppice shoots of the oak and by the fiUing-in of the intervening 
spaces by white birch {Betula popvlifolia), trembling aspen, red 
maple, and Amelanchier. Thus, on a lot cut two years ago, black 



Fic 2. — Sample plot 2. Pilch pine stand, 30 years old, Colchester plain, 5 meters 
square; under layer controlled by Pleris, Gaultheria, and Vaccintum vacUlans; PR, 
Pittusrigida 8; QV, Q. velulina 3; QA, Q. alba 1; B, Belula popuii/elia 7 (dying); 
PS, Pinus Sirobus. 

oak coppice groups averaged three on 35""", while on the lot as a 
whole, 10 per cent, of the coppice was white oak and 6 per cent, red 
maple. A dominant stand of pitch pine 24 years old was removed 
from the lot and a list chart showed on one square meter 9 Myrica, 
la Pteris, 4 Populus Iremulmdes, 22 Kalmia anguslijolia, 34 Vaccintum 
pennsylvanicum, i Rubus aUegheniensis. 
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A stand of pitch pine 45 years old with suppressed black oaks 
averaging one and three respectively per 25*^", was cut clean eight 
years ago. An average square meter now supports 3 coppice groups 
of black oak, 3 Corylus americana, i Amelanchier canadensis, 1 Salix 
humilis; under layer, Myrica and Pteris; beneath this, Kalmia, 
Vaccinium vacillans, Lysimachia quadrijolia. The sample plot 
{fig, i) discloses the present conditions of a lot from which pitch pine 
was removed 15 years ago. 

When the coppice stands of oak are about 15 years old, they cover 
the area sufficiently to shade out much of the under vegetation. 
Myrica is the first to show the eflFects of this shading and Pteris 
goes next, while the species of Vaccinium persist longer than either 
Myrica or Pteris, V. vacillans enduring the competition with the 
trees longer than F. pennsylvanicum. At this stage the pines begin 
to reestablish themselves. Pitch pine becau^ of its greater intoler- 
ance comes into such areas very sparsely and very slowly. Only one 
place was found where it had gained control, and even there the stand 
seems destined to be displaced by the more shade-enduring white 
pine, as the sample plot (fig. 2) shows. 

For the reasons stated above, white pine is establishing itself on 
the clean-cut areas, formerly controlled by pitch pine, to a greater 
extent than the pitch pine. For example, in a lot cut 12 years ago, on 
2j«Kim Qj^g bnAs 8 white birch saplings, 3 black oak coppice groups, 
6 pitch pine seedlings, and 3 white pine seedlings; this is 100*" 
from white pine seed trees. A distance of 50"* from seed trees 
there are on 25^™ 3 black oak coppice groups, 2 Amelanchier 
canadensis, i white birch, i red maple, 2 pitch pine seedlings, 
and 13 white pine seedlings. A still older stand is shown in sample 
plot no. 14 {fig. 3). 

The best white pine reproduction on clean-cut areas, however, is 
found where white birch controls. Thus in a clean cutting of 12 
years ago, there are now 2 white birch coppice groups, 25 birch sap- 
lings and seedlings, 6 red maple coppice groups, 20 Viburnum aceri- 
folium, 17 Corylus americana, 3 Rhus typhina, 4 Myrica, 20 Vaccinium 
vacillans, 2 white pine (8 years old); Polyirichum commune and 
Carex pennsylvanica dominant beneath. This plot is loo*" from a 
white pine seed tree. Another plot of the same size (25^*") cleared 
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15 years ago and only 5" from a seed tree, shows 44 white pine seed- 
lings mostly 4 and 8 years old. The seedlings are practically all on 
little hummocks covered with Polytrichum and Mitchella. The plot 



Fio. 3. — Sample plpl 14. Cleared to years ago, Essex plain, 5 meters square; 
PS, Pinus Strobus 14; QA, Quercus alba 8; QR, Q. rubra 7; A, Acer rubrum 6; PP, 
Prunus peuHsytvanica 10; PA, Pleris aquilina 29; R, Rubus aUegktniensis 15; L, 
Lysimachia quadril<dia 9; M, MyrUa aspltnijolia 3; AN, Araiia nudtcaulis 3; V, 
Vaccimum vacillani 3; F, Fragaria sp. t; H, Hamanulis 1. 

also contains one white pine sapling, 4 white birch and 3 black oak 
saplings, 3 Hammamelis, and 8 Corylus. 

White birch in competition with oaks and pines persists only 20 
to 30 years. Thus in a representative stand of this age one finds on 
^S"^" 5 white pine (s to 14 years old), 2 black oak, i white oak, 3 white 
birch (nearly dead). When such stands are 35 years old the white 
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birch usually has disappeared, and they average on 25 ^" 2.2 white 
pine, 2.4 black oak, 0.6 white oak. Although the black oak appears 
in slightly greater numbers, the majority of them are suppressed and 
white pine dominates the stand. 

Thus it will be seen that the clean-cut areas which pass through 
the white birch stage in their reforestation end in the control of the 
white pine, and that those areas passing through the oak coppice and 
Myrica-Pteris stages are more generally succeeding to white pine 
than to pitch pine. 

SUCCESSION UPON ABANDONED CULTIVATED FIELDS 

The writer had no means of determining definitely how long the 
various fields had been cultivated before abandonment, but the 
indications are that the period was relative y short, on the average 
probably not more than 10 years. In some cases the fields never 
produced any other cultivated crop than rye, while in others they were 
cultivated 30 or 40 years before final abandonment. Occasionally 
an old field partially reforested is cleaned off and a second attempt at 
cultivation is made. 

According to the conditions in which it takes place, the succession 
leading to the dominance of the forest upon abandoned fields may 
be discussed under the following heads: 

1. Succession lacking the preliminary herbaceous stages. This 
occurs when a plowed field near a mature stand of trees happens to 
be abandoned in a heavy seed year. 

2. Succession lacking the sod-forming stage. The herbaceous 
stages are present but the complete control of grasses is absent or 
short-lived. 

3. Succession possessing the sod-forming stage. The natural 
course of succession here is interrupted by man, for these areas are 
cropped for grass or pastured for a longer or shorter period before 
the trees begin to take possession. 

I. Succession lacking the preliminary herbaceous stages. — 
This occurs when the abandonment of a plowed field and an abundant 
seed year are in conjunction. For example, a field on the Colchester 
plain first bore a crop of rye, then a crop of beans, and lay fallow 
the third year, when it was seeded down to white birch from the trees 
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which surrounded the field. White birch seedlings two years old and 
Spiraea iomentosa now occupy the field at the rate of 53 and 4 respec- 
tively per square meter. A stand of pitch pine 16 years old showing 
63 trees on as*^" came into existence in the same majiner. A sample 
plot in this stand is given below {)ig. 4). The oaks beneath are 4 



Fig. 4. — Sample plot 16. Pitch pine 16 years old, on abandoned plowed field, 
Colchester plain, 5 square meters; PR, Pinus rigida 63; QA, Q. alba 5; QV, Q. 
vtlulina 3; ML, Mttampyrum Uruare; M, Myrica aspienijolia 16. 

years old. Other dense even-aged stands of both white birch and 
pitch pine probably had a similar origin, although the history of their 
inception is not actually known. 

2. Succession lacking the sod- forming stage. — The character 
of the vegetation on a plowed field the first year after abandonment 
apparently depends upon the kind of weed seeds in the fertilizer. 
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The quadrant below (fig. 5) gives the characteristic plants of a field 
which supported a crop of rye in the preceding year. Some fields may 
be controlled by Setaria glauca and Setaria viridis; others by Ambrosia 
artemisiifolia and Erigeron canadensis. Fields under obsenation 



Fig. 5. — Sample plot 14. Plowed field, abandoned one year, Colchester plain, 
I square meter; A, AnArcsia arlemisiatjoiia 155; PH, Phleum prattnsi 8z; SN, 
Solidago nemeralis 16; P, Poa comprtiia 14; PC, Panicum ca/ritlare 4: R, RutHex 
Acetosella 7; J, Juntus sp. 6; E, Erigeron eanadtme 1; AL, Aster linariijolivs i. 

for 4 years have remained under the dominance of these annuals. 
Later, Oenothera biennis, Rumex Acetosella, Gnaphalium poly- 
cepkalum, Antennaria planlaginijolia, Solidago memoralis, and Aster 
linariifolius control the old fields in patches. Between these patches 
occur scattered groups of Cyperus filiculmis, Carex pennsylvanica, 
Andropogon scoparius, and Dantkonia spicala. Groups of Poly- 
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trichum appear in the most sterile places. Driving out the biennial 
and perennial weeds, the groups unite and form patches of moss a 
meter or more in diameter. The moss in turn may be crowded 
out by Cyperus and Danthonia, but it is never entirely displaced. 
Patches of Polytrichum often occupy one-third of the area in old 
fields. 

Some of the plowed fields were abandoned because they began to 
blow away, and they have since become areas of shifting sand. This 
is notably the case in several places in the townships of Colchester 
and South Burlington. The finest sand is piled up in low dunes and 
the coarser grades left behind are packed hard by the wind. Cyperus 
filiculmis and Panicum sanguinale are the pioneers on the compact 
sand; the former occurs in groups, while the latter advances en masse 
upon the sand. The open spaces between the groups of Cyperus are 
filled up by Polytrichum. 

The patches of Polytrichum in the abandoned fields described 
above form ideal germinating beds for the seeds of pitch pine, white 
pine, and white birch. This is particularly the case when the Poly- 
trichum is young, before the dead leaves and stems have accumulated 
suflSciently to prevent the seeds from reaching the mineral soil. 
Usually, however, Myrica precedes the tree invasion. It starts in the 
bed of Polytrichum and itself forms patches, killing out the moss 
immediately beneath it. The Polytrichum, however, persists around 
the margins of the Myrica group and in the moss, and under the 
protection of the Myrica one finds the tree seedlings. 

The rapidity with which trees take possession of the abandoned 
fields of this type chiefly depends upon the proximity of seed trees. 
Thus a field 370°* from seed trees, abandoned 20 years ago, has only 
41 white birch and 6 pitch pine saplings per hectare. When the pines 
get old enough to produce seed, a group of young trees will be formed 
about each mother tree. Fields showing two generations of pitch 
pine formed in this manner are of common occurrence and those 
showing three generations are not rare. The white birch, being 
shorter lived and less tolerant than the pine, is gradually suppressed, 
and the result is a pure stand of pitch pine of uneven age. A list 
chart in the field mentioned above shows on one square meter 16 
Solidago memoralis, 24 Car ex pennsylvanicay 18 Lysimachia quadri- 
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jolia, 8 Aster Hnariifolius, 6 Danthonia spicata, 2 Ambrosia arlemi- 
siijolia, i Viola arenaria, i group of Andropogon scoparius. 

When the abandoned field happens to be near a mature stand of 
pitch pine, the reforestation is much more rapid. For example, an 



FiC. 6. — Sample plot 1 1. Pitch pine 35 years old in an old field, Colchester plain. 
5 meters square; PR, Pinus rigida la; QV, Q. velutina T, QA,Q.alba2; S, Spiraea 
lotntnlosa 1 z; A, Acer rubrutn 3; B, Beluia foputijolia i ; M, Myrica asj^etiijolia 9; 
PS, Pinui Sirobus. 

old field on the Colchester plain has at 270"" from the seed trees 
I pitch pine and 6.3 white birch saplings on 25*""; at 170™ from the 
mother stand 3 pitch pine and 1.3 white birch; at ys", 7 pitch pine 
and no white birch on 25"i"'. In the second case the forest cover is 
complete and in the third case the stand is dense. At the greatest 
distance from the seed trees, the area between the birch and pine is 
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controlled by Myrica and Pteris. As the trees become more abundant 
these are gradually crowded out, until beneath the dense stand they 
disappear. The saplings nearest the seed trees are 25 years old and 
those farthest from the seed trees are 8 years old. 



Fig. 7. — Sample plot 10, Pitch pine stand 60 years aid, Colchester plain, 5 mete 
square; uodei layer, Cartx pennsylvanica; PR, Pinui rigida 4; PS, Finns Sirobus i 
V, VacciniutH varittatis 59; GB, Caytusiaria baccala 44; K, Kalmia anguslifoiia 
Q.\, Q. alba i; L, Lysimachia quadrijolia i; VP, Vaccittium pennsylvaiticum 1 
P, Pleris aguilina 26. 

On p. 138 is given a sample plot {/ig. 6) made in a stand of pitch 
pine 25 years old. Oaks are common in stands of this kind, but 
they are usually suppressed and apparently never become members 
of the dominant class. 

An even-aged stand of pitch pine (36 years old on the stump) 
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on the Essex plain averages 6 trees on 25'^"'. Vaccinium Pffinsyi- 
vanicum forms a carpet beneath, and growing up through this, one 
finds on the average square meter 13 Pteris, 5 Gaylussacia baccata, 
14 Melampyrum lineare, 8 Carex pennsylvanica, i Rubus alleghe- 
niensis, i Apocynum androsaemijolium. 



Fig. 8. — Sample plot 15. Danthonia-Polytrichum pasture being invaded by pilch 
pine; open patches occupied by Polylrichum; Colchester plain, i square meter; 
D, Danthonia ipicala 89; R. Rutnex Accloietta 13; F, Fragaria virginiaxa 10; PC, 
Panicum copillare 6; PR. Finns rigida 2. 

By the time pitch pine which has taken possession of the abandoned 
fields in the manner described above is 60 years old, the stand has 
become much less dense, averaging only one tree on 25*^". The 
ground beneath is much less shaded and the soil is richer from the 
accumulation of humus. At this point white pine quite commonly 
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reproduces itself under the protection of the pitch pine, which is 
shown in the sample plot given on p. 140 (fig. 7). 

3. Succession possessing the sod-forming stage. — Many of 
the cultivated fields on the sand plains were "seeded down," bore 
crops of hay for a few years, and then were turned over to pasturage. 



Ftc. g. — Permanent sample plot 35. Forly-year-tld stand of pitch pine, Col- 
chester plain, 4 meters square; PR, Finas rigida 1; PS, Pinas Slrobui 13; QV, Q. 
vetulina 2; QA, Q. alba; C, Carex pennsylvanita ^b; G, Gaidlheria precumbeni 46; 
CU, Chimaphila umbtllala it; GB, Gaylussacia baccala 1; D, Dtervilta Lonictra i; 
V, Vacciniumvaiiltaati; B, Belula populijolia 1; \, Acer rubrum i; R, Rubus alU- 
glunUniis 2; S, Solidago sp. i. 

Other fields formed a sod naturally without artificial seeding and 
were used as pastures. The chief sod-formers in this case were 
Poa pralensis and Danthonia spicala. After pastures formed in these 
two ways have been grazed for several years, they begin to lose their 
fertility. The first manifestation of this is the dying out of Poa 
pralensis, which is replaced by Danthonia. In course of time 
Danthonia gives way to Polylrichum commune. Most of the pastures 
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on the area under consideration are in the Danthonia-Polytrichum 
stage. The principal associated species are Cyperus jUictdmis, 
Panicum capUlare, Spiraea lomenlosa, Potenlilla argenlea, Solidago 
mmoralis, Rumex Acetosella, Aster linariijdius. 



Fig. lo.^Sample plot i. Danthonia-Polytrichum pasture, showing one-year-old 
white birch, Colchesler plain, i square meter; B, Btlula populijotia 4g, at rate of 14; 
white birch on 15 square meters; S, Spiraea lomenlosa 67; PC, Poa compressa 24; 
P, Panicum capiltare 21; H, Hypericum canadenst 5; V, Verbena hatlata 3; PT, 
Poputus tremuloides 1. 

As in abandoned plowed fields, beds of Polytrichum are centers 
from which the tree invasion begins. As in the former case also, 
pitch pine and white birch are most commonly taking possession of 
worn-out pastures. Adjacent to mature pitch pine, pastures are 
transformed into pure even-aged stands of that species, while those 
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at a distance from the seed trees are eventually covered with uneven- 
aged stands, as described for old fields in the preceding section. 
Sample plot no. 25 {fig. 8) shows the character of a pasture in the 
first stages of possession by pitch pine. 



Ftc. II. — Sample plot 1. White birch 6 years old. pasture, Colchesler plain, 
5 meters square; a carpet of PMylrichum commune beneath; B, Betuia populifolia 
105; S, Sfnraai lomenlasa 6f, O, Osmutida cinmimotnia S; tA. Myriea asfUnijotia a; 
ON, OnacUa sensibilis i; MU, Monolropa unifiora a; R, Rubus alUghenicnsis 1; 
PS, Pinus Sirobus ;. 

Ten stands 5 to 15 years old averaged 34 trees on 25*^"", while ten 
stands 25 to 30 years old averaged 7 trees. The older stands of pitch 
pine show regeneration of white pine beneath them, and plots like no. 
10 {fig. 7) may be commonly found in the old pastures as well as in 
the abandoned fields. In one case white pine seedlings and saplings 
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at the rate of 70 per 25""" were found beneath a 24-year old stand. 
There were 7.5 pitch pine on 25"'". Unfortunately these stands are 
periodically burned and the seedlings are killed, so there is little 
opportunity of obsen'ing the older stages of this undergrowth of white 
pine. On the Macomber lot, however, where fire has been rigorously 



Fic. 12. — Sample plot g. White birch t5 years old, Colchester plain, s meters 
square; under layer, PolytrEchum, Onociea stnsibiiii, Rubus hispidus; B, Betula populi- 
lotiaf>S; PS, Pinu; Sirobus iS; PT, Populuslremuktides i; S, Spiraea HimtiUBsa i. 

excluded for many years, one may find the older stages. Sample plot 
35 ifig- 9} shows white pine 23 years old beneath pitch pine 40 years 
old. There is little douht of the ultimate control of such pitch pine 
stands by white pine, were forest fires excluded. 

White birch in the old pastures usually forms dense pure stands. 
The series of stands shown in figs. 10-13 illustrates displacement of 
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white birch by white pine. It will be noted that the numbers of white 
birch on the unit area for the ages given are 245, 105, 68, and 16; 
and that the numbers of white pine increase as follows: o, 5, 18, 46. 
This illustrates the most striking fact in the course of succession on 
worn-out pastures, that is, gradual replacement of white birch by 



Fic. 13, — Sample plot 17. White birch as years old, 5 meters square, 50™ from 
white pine; under layer Polytrichum and Rubus hispidus; B, Betula poputijotia 16; 
PS, PinusSlrobus 16; QV,Queraisveliilina 6; M, Myrica aspleni}olia n; S, Spiraea 
tomenlasa y. A, Acerrabrum i. 

white pine. If a stand of white birch is within proper distance 
from white pine seed trees, the birch acts as a nurse tree to the pine. 
In the clearing of the sand plains occasional white pine trees were 
left along the margins of wood lots and along highways. Such trees 
became the originators of numerous pure stands of white pine in the 
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old pastures. Sample plot no. 37 (Jig. 14) gives the character of the 
pasture when the white pine invasion begins. 

Stands of all ages occur from the seedling stage to mature trees. 
As in the case of pitch pine, one may find patches of white pine con- 



FlC. 14,— Sample plol 37. Pasture being invaded by ihe while pine, Colchester 
plain, I square meter; C, Cyperus filiculmis 71; D. Danlhonia spicata 34; R, Rumtx 
AcelotiUa 16; SN, Sotidago nemoralis 14; H, Hypericum canadense 10; S, Spiraea 
lotuenlosa 6; P, Panicum capillare^; CR, Cladonia rangijtra; G, Gnapkatiutn poly- 

taining three generations of trees, each generation even-aged and in 
pure stand. The stands now in the process of installation offer a good 
opportunity to study the abundance of seedlings in relation to the 
distance from the mother tree. For example, the number of seedlings 
were counted on plots 5" square with the following results: 30 to 25° 
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